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PRGXODWLRQLWVWLOOGHILHVDGHILQLWLYHH[SODQDWLRQ,QWKLVSDSHU,DWWHPSWWRSUHVHQWDEULHI
RYHUYLHZRIWKHSKHQRPHQRQRXWOLQHWKHSURSRVHGH[SODQDWLRQVDQGFRQFOXGHZLWKWKH
SUHVHQWVWDWXVRIUHVHDUFK
.H\ZRUGVYDULDEOHVWDUV±SXOVDWLQJVWDUV±55/\UDHVWDUV
,1752'8&7,2155/<5$(67$56$1'7+(%/$=+.2())(&7
55/\UDHVWDUVDUHSXOVDWLQJYDULDEOHVZLWKSHULRGVEHWZHHQDQGGD\V,Q
WKH +5 GLDJUDP WKH\ DUH ORFDWHG RQ WKH KRUL]RQWDO EUDQFK DQG VKRZ EULJKWQHVV
YDULDWLRQVRI WKHRUGHURI RQHPDJQLWXGH7KHVH VWDUVSOD\DNH\ UROH LQPXOWLSOH
DSSOLFDWLRQVIRUDUDQJHRIDVWURSK\VLFDOSUREOHPVVXFKDVGLVWDQFHGHWHUPLQDWLRQ
WKH\IROORZDSHULRGOXPLQRVLW\UHODWLRQDQGXQGHUVWDQGLQJROGVWHOODUSRSXODWLRQV
6PLWK8QWLOUHFHQWO\WKH\ZHUHFRQVLGHUHGWRGLVSOD\WKHVLPSOHVWW\SHRI
SXOVDWLRQUDGLDOSXOVDWLRQNHHSLQJWKHLUVSKHULFDOV\PPHWU\WKURXJKRXWWKHSXOVDWLRQ
F\FOH55/\UDHVWDUVUHSUHVHQWDQRXWVWDQGLQJWHVWLQJJURXQGIRUVWHOODUHYROXWLRQDQG
SXOVDWLRQWKHRULHV
'HSHQGLQJRQWKHLUSXOVDWLRQFKDUDFWHULVWLFV55/\UDHVWDUVFRPHLQGLIIHUHQW
IODYRUV7KHVRFDOOHG55DEVWDUV±SXOVDWLQJLQWKHUDGLDOIXQGDPHQWDOPRGH±VKRZ
WKHODUJHVWEULJKWQHVVYDULDWLRQVDQGVWURQJO\DV\PPHWULFOLJKWFXUYHVZKHUHDVWKH
55F VWDUV ±ZKLFK SXOVDWH LQ WKH ILUVW RYHUWRQH UDGLDOPRGH ± KDYH WKH VPDOOHVW
DPSOLWXGHOLJKWFXUYHVDQGVLQXVRLGDOOLJKWFXUYHV)LQDOO\55GVWDUVSXOVDWHLQERWK
UDGLDOPRGHVVLPXOWDQHRXVO\UHVXOWLQJLQPRUHLUUHJXODUOLJKWFXUYHV+RZHYHUWKH
 .DWULHQ.2/(1%(5* 
SXOVDWLRQ RI 55 /\UDH VWDUV LV QRW FRPSOHWHO\ XQGHUVWRRG DQG LQ SDUWLFXODU RQH
VWXEERUQP\VWHU\KDVEHHQKDXQWLQJREVHUYHUVDQGWKHRUHWLFLDQVIRURQHFHQWXU\QRZ
7KHPRVWLQWULJXLQJVXEFODVVRI55/\UDHVWDUVFRQVLVWVRIVWDUVVKRZLQJWKH
%OD]KNR HIIHFW WKH SKHQRPHQRQ RI DPSOLWXGH RU SKDVH PRGXODWLRQ ZKLFK ZDV
REVHUYHGIRUWKHILUVWWLPHE\WKH5XVVLDQDVWURQRPHU61%OD]KNRLQWKHVWDU5:
'UD%OD]KNR7KHOLJKWFXUYHVRI%OD]KNRVWDUVDUHPRGXODWHGRQWLPHVFDOHV
UDQJLQJIURPDIHZGD\VXSWRKXQGUHGVRIGD\V)LJVKRZVWKHPRGXODWLRQIRUD
IHZ%OD]KNRVWDUVVWXGLHGZLWKLQWKHIUDPHZRUNRIRXUSURMHFWWKH%OD]KNR3URMHFW
VHH6HFWLRQ7KHHVWLPDWHGLQFLGHQFHUDWHRI%OD]KNRYDULDEOHVDPRQJWKHJDODFWLF
55DEVWDUVLVDERXW±6]HLGO0RVNDOLNDQG3RUHWWL)RUWKH55F
%OD]KNRVWDUVWKLVUDWHLVOHVVWKDQ,QWKH/0&WKHLQFLGHQFHUDWHIRU55DEVWDUVLV
RQO\KDOIDVODUJH$OFRFNHWDO7KHUHFHQWGLVFRYHU\RIORZPRGXODWLRQ
DPSOLWXGHV-XUFVLNHWDOOHDGVXVWRVXVSHFWWKDWWKHLQFLGHQFHUDWHRIWKH
%OD]KNRHIIHFWPD\EHHYHQKLJKHU0D\EHWKHQRQPRGXODWHG55/\UDHVWDUVDUHRID
PRUHXQFRPPRQNLQG

)LJ±7KH%OD]KNRHIIHFWLQWKUHHILHOG55/\UDHVWDUV7KHGDWDZHUHUHFRUGHGZLWKLQWKHIUDPHZRUN
RIWKH%OD]KNR3URMHFW)RU55/\UDHWKHSURWRW\SHRIWKHFODVVWKH%OD]KNRSHULRGZDVDERXWGD\V
DWWKHWLPHWKHREVHUYDWLRQVZHUHPDGH.ROHQEHUJHWDO)RU66)RUWKH%OD]KNRSHULRG
LVDERXWGD\VDQGIRU892FWLWLVDERXWGD\V
3523(57,(62)%/$=+.267$56
$W\SLFDOIHDWXUHRI%OD]KNRVWDUVLVYLVLEOHLQWKHLUIUHTXHQF\VSHFWUDZKHUH
DGGLWLRQDO IUHTXHQFLHV RFFXU DW WKHPDLQ IUHTXHQF\ DQG LWV KDUPRQLFV RUGHUHG LQ
HTXLGLVWDQWWULSOHWRUGRXEOHWVWUXFWXUHV,QWKHVHPXOWLSOHWVWKHVSDFLQJEHWZHHQWKH
IUHTXHQFLHVLVHTXDOWRWKH%OD]KNRIUHTXHQF\)LJ
,Q IDFW WKHVHPXOWLSOHW VWUXFWXUHV DUH SUHGLFWHG E\ WKHPRGHOV SURSRVHG WR
H[SODLQ WKH%OD]KNR HIIHFW VHH6HFWLRQ 1HYHUWKHOHVV WKH FXUUHQWPRGHOV VWLOO
HQFRXQWHU GLIILFXOWLHV H[SODLQLQJ WKH XQHTXDO DPSOLWXGHV WKDW DUH REVHUYHG LQ WKH
WULSOHWVRIPRVW%OD]KNRVWDUVVHH)LJ
 <HDUVRIWKH%OD]KNR3KHQRPHQRQ 

)LJ±7KHW\SLFDOIUHTXHQF\VSHFWUXPIRUD%OD]KNR55/\UDHVWDU7KHIUHTXHQF\VSDFLQJ
LQWKHWULSOHWVDQGGRXEOHWVLVHTXDOWRWKH%OD]KNRIUHTXHQF\7KHVDPHVSDFLQJRFFXUVDURXQG
WKHKDUPRQLFIUHTXHQFLHV8QHTXDODPSOLWXGHVRIWKHVLGHSHDNVDUHDFRPPRQIHDWXUH

'HVSLWHLWVFOHDUVLJQDWXUHLQWKHOLJKWFXUYHVDQGLQWKHIUHTXHQF\VSHFWUDDQ
LPSRUWDQWFKDUDFWHULVWLFRIWKH%OD]KNRHIIHFWLVLWVLUUHJXODULW\
,QJHQHUDO55/\UDHVWDUVDUHNQRZQWRVKRZD³QRLVH´LQWKHLUSXOVDWLRQSHULRG
FKDQJHV RYHUO\LQJ WKH HYROXWLRQDU\ SHULRG FKDQJH 6PLWK  6ZHLJDUW DQG
5HQ]LQLSURSRVHWKDWWKHSHULRGFKDQJHQRLVHLVWKHUHVXOWRIFKDQJHVLQWKH
LQWHUQDOVWUXFWXUHRIDQ55/\UDHVWDUWKURXJKUDQGRPPL[LQJHYHQWVDVVRFLDWHGZLWK
WKH VHPLFRQYHFWLYH ]RQH RI WKH VWHOODU FRUH 2WKHU K\SRWKHVHV ± ZLWK YDU\LQJ
SUHGLFWLYHVWUHQJWK±WRH[SODLQWKHDEUXSWSHULRGFKDQJHVLQYROYHK\GURPDJQHWLF
HIIHFWV LQ 55/\UDH VWDUV 6WRWKHUV  :,03V ZHDNO\ LQWHUDFWLQJ PDVVLYH
SDUWLFOHV'HDUERUQHWDOOLJKWWUDYHOWLPHEHFDXVHRIPRWLRQLQDELQDU\V\VWHP
&RXWWVRUPDVVORVV.RRSPDQQHWDO
0RUHRYHUFKDQJHVLQWKHPRGXODWLRQSHULRGZHUHREVHUYHGIRUDQXPEHURI55
/\UDHVWDUVHJ;=&\J/D&OX\]pHWDODQG55/\U.ROHQEHUJHWDO
$V WR SXOVDWLRQ SHULRGV VXFK FKDQJHV RFFXU RQ WLPH VFDOHV WRR VKRUW WR EH RI
HYROXWLRQDU\QDWXUH
,WKDVEHHQNQRZQVLQFHORQJWKDWXSRQFORVHLQVSHFWLRQRIWKHPRGXODWLRQWKHUH
LVQRWDOZD\VDQH[DFWUHSHWLWLRQRIRQH%OD]KNRF\FOHWRWKHQH[WVHHHJ3UHVWRQHW
DO7KLVIDFWLPSOLHVWKDWHLWKHURQHFDQQRWVSHDNRIDVWULFWO\SHULRGLFHIIHFWRU
WKHUHPXVWEHPRUHSHULRGLFLWLHVLQYROYHGLQWKHSKHQRPHQRQ
)LQDOO\ VRPH ZHOOVWXGLHG %OD]KNR VWDUV GLVSOD\ EHVLGHV WKHLU PRGXODWLRQ
SHULRGHYHQORQJHUSHULRGVRIWKHRUGHURI\HDUV$F\FOHZLWKDGXUDWLRQEHWZHHQ
DQG\HDUVZDVIRXQGIRU55/\U$WWKHHQGRIWKH³\HDU´F\FOHIRU55/\UD
VKLIWLQWKH%OD]KNRSKDVHLVREVHUYHG'HWUHDQG6]HLGO
7KHIDFWVJLYHQDERYHLPSO\WKDWDQ\H[SODQDWLRQIRUWKH%OD]KNRHIIHFWPXVW
DOVRDFFRXQWIRULWVLUUHJXODULW\
 .DWULHQ.2/(1%(5* 
+2:72(;3/$,17+(02'8/$7,21"
7KH WZRPRVW FRPPRQO\ TXRWHG K\SRWKHVHV WR H[SODLQ WKH %OD]KNR HIIHFW
LQYROYHQRQUDGLDOPRGHV7KLVLVVWULNLQJDV55/\UDHVWDUVKDYHSUHYLRXVO\DOZD\V
EHHQFRQVLGHUHGDVSURWRW\SHVRISXUHO\UDGLDOO\  O SXOVDWLQJVWDUV
,QWKHUHVRQDQFHPRGHOVWKHPRGXODWLRQLVFDXVHGE\DUHVRQDQFHEHWZHHQWKH
UDGLDOPRGHDQGDQRQUDGLDOPRGHRIORZGHJUHH0RGHOFDOFXODWLRQVUHYHDOHGWKDW
GLSROH   O  )LJ  PRGHV KDYH WKH KLJKHVW SUREDELOLW\ WR EH H[FLWHG WKURXJK
QRQOLQHDU LQWHUDFWLRQ 9DQ +RROVW HW DO  ,Q WKH IUHTXHQF\ VSHFWUD WULSOHW
VWUXFWXUHV DUH H[SHFWHG WR RFFXU DW WKHPDLQ IUHTXHQF\ DQG LWV KDUPRQLFV ,Q WKH
VFHQDULRSURSRVHGE\']LHPERZVNLDQG0L]HUVNLHQHUJ\LVWUDQVIHUUHGIURP
WKHUDGLDOWRWKHQRQUDGLDOPRGHV
7KHPDJQHWLFPRGHOVDVVXPHWKDW%OD]KNRVWDUVKDYHDPDJQHWLFILHOGVWURQJ
HQRXJKWRGHIRUPWKHUDGLDOPRGHWRKDYHDGGLWLRQDOQRQUDGLDOSXOVDWLRQFRPSRQHQWV
0RUHRYHUWKHV\PPHWU\D[LVRIWKHPDJQHWLFILHOGFDQEHLQFOLQHGZLWKUHVSHFWWRWKH
URWDWLRQD[LVRIWKHVWDUREOLTXHPDJQHWLFURWDWRU:LWKURWDWLRQRXUYLHZXSRQWKH
TXDGUXSROHFRPSRQHQWVFKDQJHVFDXVLQJWKHDPSOLWXGHPRGXODWLRQ,QWKHFDVHRID
GLSROHPDJQHWLFILHOGWKHUDGLDOPRGHLVGHIRUPHG\LHOGLQJDGGLWLRQDOTXDGUXSROH
  O )LJFRPSRQHQWV,QWKHIUHTXHQF\VSHFWUXPWKHVHFRPSRQHQWVZRXOGJLYH
ULVHWRTXLQWXSOHWVWUXFWXUHV6KLEDKDVKL+RZHYHUGHSHQGLQJRQWKHJHRPHWU\
RIWKHVWDU¶VURWDWLRQD[LVDQGPDJQHWLFILHOGD[LVWKHVHTXLQWXSOHWVPD\DSSHDUDV
WULSOHWV 4XLQWXSOHW VWUXFWXUHV DV SUHGLFWHG E\ WKH PDJQHWLF PRGHOV DUH UDUHO\
REVHUYHGWKRXJKZHVKRXOGPHQWLRQWKHLUGHWHFWLRQE\+XUWDHWDO

)LJ±6FKHPDWLFSLFWXUHRIWKHWZRPRVWFLWHGPRGHOVWRH[SODLQWKH%OD]KNRHIIHFW
0DJQHWLFILHOGPHDVXUHPHQWVKDYHEHHQSXEOLVKHGRQO\IRU55/\UWKHEULJKWHVW
%OD]KNR VWDU )RU WKLV VWDU WKH UHVXOWV KDYH EHHQ GLIIHULQJ %DEFRFN  DQG
 <HDUVRIWKH%OD]KNR3KHQRPHQRQ 
5RPDQRYHWDOGHWHFWHGDVWURQJPDJQHWLFILHOGZKHUHDV3UHVWRQDQG
PRVWUHFHQWO\&KDGLGHWDOFRQWUDGLFWHGWKHVHPHDVXUHPHQWVDQGIRXQGQR
QRWLFHDEOHPDJQHWLFILHOGLQWKHVWDU
7KRXJKWKHDIRUHPHQWLRQHGPRGHOVDUHWKHPRVWFRPPRQO\TXRWHGWKH\VWLOOODJ
EHKLQGLQH[SODLQLQJWKHYDULHW\RIIHDWXUHVREVHUYHGLQ%OD]KNRVWDUV(VSHFLDOO\WKH
XQHTXDODPSOLWXGHVLQWKHVLGHSHDNVSRVHDFKDOOHQJHEXWDOVRFKDQJLQJ%OD]KNR
SHULRGVGHYLDWLRQVIURPVWULFWDPSOLWXGHSKDVHPRGXODWLRQWKHGLIIHUHQWRFFXUUHQFH
UDWHVIRU55DEDQG55FVWDUVDQGWKHORZHUIUHTXHQF\REVHUYHGLQRWKHUSRSXODWLRQV
VXFKDVWKH/0&7KHGHILFLHQF\RI%OD]KNRVWDUZLWKSXOVDWLRQSHULRGVORQJHUWKDQ
GD\VUHPDLQVXQH[SODLQHG$OVRWKLVKDVWREHDGGUHVVHGLQWKHPRGHOV
,Q%OD]KNRVWDUVWKHRFFXUUHQFHRIDGGLWLRQDOSHDNVLQWKHIUHTXHQF\VSHFWUXPLV
RIWHQLQWHUSUHWHGLQWHUPVRIWKHSUHVHQFHRIDGGLWLRQDOPRGHVZKLFKFDQQRWEHUDGLDO
2OHFKHWDO5HFHQWO\*UXEHUEDXHUHWDOIRXQGHYLGHQFHIRUDGGLWLRQDO
PRGHVLQ55GVWDUVDVZHOO+RZHYHUWKHQRQUDGLDOQDWXUHRIDGGLWLRQDOPRGHVLQ55
/\UDHVWDUVVWLOOKDVWREHSURYHQ7KHUHIRUHRWKHUSDWKVIRUH[SODLQLQJWKH%OD]KNR
HIIHFWKDYHWREHH[SORUHGDVZHOODOVRWKRVHLQYROYLQJRQO\UDGLDOSXOVDWLRQ
6WRWKHUVSURSRVHGDVFHQDULR LQZKLFKYDULDEOH WXUEXOHQWFRQYHFWLRQ
FDXVHGE\DPDJQHWLFILHOGZKLFKYDULHVLQVWUHQJWKJLYHVULVHWRWKHPRGXODWLRQ,WLV
GHILQLWHO\ZRUWKZKLOHWRLQYHVWLJDWHWKHUROHRIFRQYHFWLRQLQWKH%OD]KNRHIIHFW
+2:72*(7&/26(5727+(7587+"
,Q WKH SDVW GHFDGHV GHWDLOHG VWXGLHV RI%OD]KNR VWDUV KDYH \LHOGHG YDOXDEOH
LQIRUPDWLRQRQWKHSKHQRPHQRORJ\RIWKHHIIHFW7KHPLFUROHQVLQJVXUYH\VSURYLGHGD
ODUJHGDWDEDVHIRUVWDWLVWLFVRQWKH%OD]KNRHIIHFW$OFRFNHWDO0RVNDOLN
DQG3RUHWWL'HWDLOHGVWXGLHVEDVHGRQPXOWLFRORUPLOOLPDJQLWXGHSKRWRPHWU\
HJWKHVWXGLHVFDUULHGRXWE\-XUFVLNHWDOUHYHDOHGWKDWYHU\VPDOO
PRGXODWLRQDPSOLWXGHVPD\EHFRPPRQ7KH\DOVRIRXQGWKDWWKHDPSOLWXGHVRIWKH
VLGH SHDN IUHTXHQFLHV GHFUHDVH OHVV VWHHSO\ WKDQ IRU WKH PDLQ IUHTXHQF\ ZLWK
LQFUHDVLQJ KDUPRQLF RUGHU ZKLFK PD\ SRLQW WRZDUGV D GLIIHUHQW QDWXUH RI WKH
XQGHUO\LQJPRGHV
7KHLPSRUWDQWTXHVWLRQZKHWKHUQRQUDGLDOPRGHVDUHUHDOO\SOD\LQJDUROHLQWKH
%OD]KNRHIIHFWUHPDLQVWREHDQVZHUHG6SHFWURVFRSLFGDWDRIIHUWKHEHVWGLDJQRVWLFV
WRILQGDQGLGHQWLI\QRQUDGLDOPRGHV7KHILUVWVWXGLHVRIWKLVNLQGZHUHFDUULHGRXWE\
.ROHQEHUJ HW DO  VHH DOVR.ROHQEHUJ  DQG &KDGLG HW DO  7KH
FKDOOHQJHLQDSSO\LQJWKHVHWHFKQLTXHVWR55/\UDHVWDUVKRZHYHULVWKHVWURQJO\
QRQOLQHDUEHKDYLRXURIWKHUDGLDOPRGH7KHUHIRUHDGHTXDWHPRGHOVPXVWEHXVHGDQG
WHFKQLTXHVPXVWEHGHYHORSHGDGDSWHGWRWKHQRQOLQHDUSXOVDWLRQRI55/\UDHVWDUV
$VXJJHVWLYHLPDJHRIWKHVSHFWURVFRSLFPRGHLGHQWLILFDWLRQLVJLYHQLQ)LJ
 .DWULHQ.2/(1%(5* 

)LJ±6SHFWURVFRSLFPRGHLGHQWLILFDWLRQWRILQGRXWWKHJHRPHWU\
RIWKHVPDOOQRQUDGLDOPRGHWKHGRPLQDQWUDGLDOPRGHKDVWREHILOWHUHGRXW
7+(%/$=+.2352-(&7
7KH%OD]KNR3URMHFWLVDQLQWHUQDWLRQDOFROODERUDWLRQVHWXSWRMRLQHIIRUWVLQ
REWDLQLQJ D EHWWHU XQGHUVWDQGLQJ RI WKH %OD]KNR SKHQRPHQRQ LQ 55 /\UDH VWDUV
.ROHQEHUJ7KHDLPRIWKHSURMHFWLVWRFRPELQHVSHFWURVFRSLFDQGSKRWRPHWULF
GDWDIURPDVDPSOHRIZHOOVHOHFWHG%OD]KNRDQGQRQ%OD]KNRVWDUVLQRUGHUWRUHYHDO
GHFLVLYHLQIRUPDWLRQRQWKHSK\VLFDOPHFKDQLVPUHVSRQVLEOHIRUWKHPRGXODWLRQ7KH
SURMHFWZDV IRXQGHG DQG LV IXQGHG LQ9LHQQD DQGVWDUWHG LWVDFWLYLWLHV LQ
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